IMPORTANCE Vision impairment (VI), including blindness, affects hundreds of millions globally, and 90% of those with VI live in low-and middle-income countries. Cross-national comparisons are important to elucidate the unique and shared factors associated with VI and receipt of eye care in different countries and to target those most in need.
V ision impairment (VI), including blindness, affects more than 250 million people worldwide, 1 with 81% of those affected 50 years and older and 90% living in low-and middle-income countries (LMICs).
2 Although the prevalence of VI and blindness has decreased in recent years because of improvements in socioeconomic development and the accessibility of eye care, the number of older adults affected continues to increase owing to aging of the population and improved life expectancy. 1 In fact, age-related vision disorders are projected to overtake diabetes by 2030 as the eighth largest cause of disability in middle-income countries.
3 Age-related eye conditions, rather than infectious and neonatal diseases, are now the predominant causes of VI throughout the world. In 2015, uncorrected refractive error and cataract together accounted for 55% of blindness and 77% of VI in adults 50 years and older worldwide.
1 While the prevalence of other causes varied by region, chronic age-related diseases, like glaucoma, macular degeneration, and diabetic retinopathy, are universally important causes of VI and blindness. Age-related eye diseases will likely continue to affect an increasing number of people globally, as the number of individuals 60 years and older is expected to double over the next 30 years and will account for more than one-fifth of the world's population. 4 In a 2017 study, Wang et al 5 found that gross domestic product, human development index, and health expenditures explained 69.4% of between-country variation in the prevalence of moderate to severe VI. This work provided economically attainable targets for countries seeking to combat VI and blindness. However, it was beyond the scope of that study to identify the within-country socioeconomic factors that explain who is least likely to receive eye care and most likely to be visually impaired. The same LMICs that are subject to the most extreme demographic and epidemiologic transitions are also the least prepared to deal with chronic conditions and their accompanying disability.
6 Accordingly, national and local public health officials could benefit from a granular understanding of the associations of local socioeconomic and demographic characteristics with VI and receipt of eye care in their countries. 7 Comparing the individual and household traits associated with VI and receipt of eye care across a sample of LMICs could elucidate common patterns while also reinforcing the need for more local epidemiologic studies. These types of data are crucial to attaining the World Health Organization VISION 2020 goal of reducing avoidable VI through universal access and equity.
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To address this knowledge gap, we used data from the World Health Organization Study on Global Aging and Adult Health (SAGE), which includes nationally representative samples of older adults from 6 LMICs. Using these data, we examined the associations of demographic, socioeconomic, and health-related traits of individuals and their households with VI and receipt of eye care in China, Ghana, India, Mexico, Russia, and South Africa. The purpose of this study was to provide insights into the characteristics of older adults and households in these countries that are associated with an increased or decreased likelihood of VI and receipt of eye care.
Methods

Data Source
The Study on Global Aging and Adult Health is a nationally representative survey on health and well-being in individuals from 6 LMICs: China, Ghana, India, Mexico, Russia, and South Africa. We used cross-sectional data from wave 1 (collected between 2007 and 2010), since wave 2 data were not yet available. Adults 50 years and older were oversampled, and data from these respondents were used for this study.
Sampling methods were based on the methodology of the World Health Survey, 8 using probability sampling with multistage, stratified, random-cluster samples. 9 The sample weighting used a sample selection and poststratification factor to ensure each sample was nationally representative. The survey was conducted using an interviewer-administered questionnaire in the participant's native language. 10 Proxy respondents were interviewed if individuals were unable to complete the survey. The University of Michigan Institutional Review Board deemed this study exempt because it was a secondary analysis of publicly available data.
Variable Definitions Outcome Variables
The outcomes of interest were distance VI, near VI, and receipt of eye care. Visual acuity was measured using the tumbling E logMAR chart for distance and near acuity separately for each eye. A string was used to measure 40 cm as the test distance for near acuity. We defined VI (at distance and near) according to the World Health Organization definition for moderate VI, which is presenting visual acuity worse than 6/18 (0.48 logMAR) in the better-seeing eye.
rized respondents as having had a recent eye examination if their last one was within 2 years.
Covariates
We analyzed covariates that corresponded to the health, wellbeing, demographic characteristics, and socioeconomic circumstances of respondents and their households. Covariates were chosen based on their conceptual relevance to the outcome variables in the study.
Health and Well-being Physical functioning was measured using the World Health Organization Disability Assessment Schedule 2.0. Responses to the 12 items were recorded on a 5-point scale, and a score ranging from 0% to 100% was derived using the recommended algorithm. 12 Based on the distribution of scores, we defined disability as none, mild, moderate, or severe for scores less than 5%, 5% to 13%, greater than 13% to 30%, and greater than 30%, respectively. We also constructed a variable indicating if an individual had 0, 1, or more than 1 comorbid conditions based on self-reported diagnosis or symptoms suggestive of arthritis, stroke, angina, diabetes, chronic lung disease, asthma, depression, or hypertension. Memory, a marker of cognition,
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was assessed by a series of verbal recall trials. The total number of words recalled in 4 memory trials was summed. Based on the distribution of memory scores, we defined poor, fair, good, and very good memory as scores ranging from 0 to 18, 19 to 22, 23 to 26, and 27 to 40, respectively.
Social Participation and Support
Low levels of social participation 14,15 and support [16] [17] [18] are associated with poor health outcomes. We calculated a social support score from 0 to 4 using previously described methods
19
and dichotomized the variable to compare those with low (0-1) and high (2-4) levels of support. We also derived a measure of social participation from 4 questions related to personal relationships, making and maintaining friendships, joining community activities, and attending social activities or visits with friends or relatives. Responses to each item were recorded on a 5-point scale and dichotomized, with poor participation represented by the lower 3 levels (moderate, severe, or extreme difficulty) for items 1 to 3 and the lower 2 levels (0-2 times per year) for item 4. A participation score from 0 to 4 was calculated and dichotomized to compare those with low (0-2) and high (3-4) levels of participation.
Socioeconomic Status
Measurement error and bias is common in reporting income from surveys in LMICs. 20 Therefore, a wealth index using a validated method that measures consumption, which is an accurate measure of permanent income in LMICs, was used. 21 The wealth index accounts for whether households possess assets or attributes, such as durable goods (eg, TV and livestock), services (eg, water source and internet access), and traits (eg, cooking fuel and toilet). A random-effects model was used to estimate assets per household, and a Bayesian postestimation method was used to generate income estimates corresponding to each household's location on their country's asset ladder and to categorize households into wealth quintiles. 21 In addition, educational attainment was used as a separate indicator of socioeconomic status.
Other Covariates
Age, sex, and marital status were recorded. Household locations were described as urban (including suburban and metropolitan) or rural based on local legal definitions. We also determined whether each participant had health insurance from any source (data on health insurance were not available for Mexico), received health care the last time they needed it (termed health access), and was ever hungry because they could not afford food during the prior year (termed food insecurity).
Data Analysis
Based on the SAGE design, we calculated the weighted proportions of participants for each covariate group stratified by VI status and timing of last eye examination. We report unadjusted P values from Pearson χ 2 tests. We performed univariable logistic regression with distance VI, near VI, and receipt of eye care as outcome variables and each of the covariates as predictors. The unadjusted odds ratios (ORs) from univariable models were used to generate heat maps with colorcoding to depict the relative effect sizes of associations. We also constructed multivariable logistic models adjusted for age, educational attainment, and wealth for each of the 3 outcome variables. All analyses were conducted using R version 3.4.3 (The R Foundation) and accounted for the complex and unique design features of SAGE in each country. All statistical tests were 2-tailed, and a P value less than or equal to .05 was considered statistically significant.
Results
The study sample in (Figure, A) . The weighted proportions of participants for each covariate group stratified by distance VI are shown in Table 1 . Unadjusted and adjusted ORs are displayed in eTable 1 in the Supplement.
The overall proportion of the study sample with distance VI ranged from 9.9% (95% CI, 9.3-10.5) in China to 25.4% (95% CI, 22.0-29.2) in Russia. Only higher age, less wealth, and selfreported disability were significantly associated with distance VI in all 6 countries. In most countries, distance VI was significantly associated with female sex, being unmarried, lower educational attainment, more medical comorbidities, poorer memory, and lower social participation. Distance VI was less consistently associated with living in a rural location, having no health insurance, lower levels of social support, food insecurity, and receipt of a recent eye examination. (Figure, B) . The weighted proportions of participants for each covariate group stratified by near VI are shown in Table 2 . Unadjusted and adjusted ORs are displayed in eTable2 in the Supplement.
Near Vision Impairment
The overall proportion of the study sample with near VI ranged from 28.5% (95% CI, 26.9-30.1) in Ghana to 43.1% (95% CI, 41.1-45.1) in India. We did not identify any covariate that was associated with near VI across all 6 countries. In most countries, near VI was significantly associated with higher age, lower educational attainment, greater self-reported disability, more medical comorbidities, and poorer memory. Near VI was less consistently associated with female sex, being unmarried, living in a rural location, receipt of a recent eye examination, having no health insurance, lower levels of social support and social participation, food insecurity, and less wealth. 
Missing
The legend applies to all 3 heat maps and shows the effect size (based on odds ratios) depicted by various colors. Variables with a strong positive and negative association with the outcome are illustrated by progressively darker shades of hot and cold colors, respectively. Unadjusted associations with distance VI, near VI, and receipt of a recent eye examination are depicted. Odds ratios were calculated using logistic models, and reference groups are noted last in the variable descriptions. Mild VI indicates visual acuity between worse than 6/12 and 6/18 or better; moderate VI, between worse than 6/18 and 6/60 or better; severe VI, worse than 6/60 and 6/120 or better; and blindness, worse than 6/120.
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Original (Figure, C) . The weighted proportions of participants for each covariate group stratified by eye examinations are shown in Table 3 . Unadjusted and adjusted ORs are displayed in eTable 3 in the Supplement.
The overall proportion of the study sample that had received a recent eye examination ranged from 15.0% (95% CI, 13.8-16.2) in Ghana to 53.1% (95% CI, 49.3-56.8) in Russia. The only covariate associated with receipt of a recent eye examination in all 6 countries was greater wealth. In most countries, receipt of a recent eye examination was significantly associated with higher educational attainment, urban location, more medical comorbidities, better memory, and not experiencing food insecurity. Receipt of a recent eye examination was less consistently associated with age, sex, being married, vision impairment, self-reported disability, access to health care, having health insurance, and levels of social support and participation.
Discussion
In this study, using data from SAGE in 6 LMICs, we found that VI and receipt of eye care among older adults were associated with a distinct group of sociodemographic features in each country. Our study makes several important and novel contributions. First, because each of the 6 SAGE countries used the same survey, we are able to make cross-national comparisons that suggest how different environmental, social, and economic factors are associated with vision in different places. Second, the SAGE data set contains variables that are not routinely collected in epidemiologic field studies, which permitted us to examine constructs like social participation, food insecurity, and household consumption that have not been widely considered in prior investigations. While we have provided results adjusted for age and socioeconomics, bivariate associations may provide the most pertinent information for health policy planners seeking to identify and target those most likely to be affected by VI and a lack of eye care.
Few other studies have used SAGE data to investigate associations with VI. [22] [23] [24] Vellakkal et al 23 showed that a 5% reduction of VI among the poor and an 11% reduction among the less educated would eradicate socioeconomic disparities in the prevalence of VI in India. Also using SAGE data, AkuamoahBoatengetal 24 found that more than half of the population of Kassena-Nankana District, Ghana, reported difficulty seeing, but less than 3% used corrective lenses. We have built on these findings by identifying context-specific sociodemographic factors associated with VI and eye care, which our study suggests could help guide targeted public health efforts in these countries.
Our study found that older age, lower educational attainment, greater disability, having more medical comorbidities, and poorer memory were significantly associated with both distance and near VI in most SAGE countries. Other characteristics, including female sex, being unmarried, low social participation, and having less wealth, were commonly associated with distance VI but were less consistently associated with near VI. Some of these traits may represent common criteria that could be used to identify those most likely to have specific forms of VI across LMICs, although additional work should be done to determine the generalizability of these findings.
Importantly, we also identified traits that were significantly associated with VI only in specific countries, which may reflect unique cultural or environmental circumstances. For example, those without health insurance had approximately twice the odds of distance VI in South Africa and 4 times the odds of near VI in Russia, although health insurance was not significantly associated with either form of VI in other SAGE countries. Russia was also 1 of 3 SAGE countries (along with China and the lowest wealth quintile in Ghana) in which near VI was associated with less wealth. Conversely, distance VI was associated with less wealth in all SAGE countries. These patterns could reflect differences between countries in their health insurance systems and the out-of-pocket cost of eye care. While there may be relative ease of access to presbyopia correction in most SAGE countries, financial barriers could play a larger role for those in need of higher level refractive, medical, or surgical services to prevent or treat distance VI.
In at least half of SAGE countries, adults were less likely to have received a recent eye examination if they had lower educational attainment, lived in a rural location, had fewer comorbidities, experienced food insecurity, or lacked health insurance. Other investigations have also shown that access and use of eye care services are comparatively low in rural locations in LMICs. [25] [26] [27] In a population-based study in Andhra Pradesh, India, 27 only 34.1% of those with unilateral VI who had noticed a change in vision had sought eye care. Those with more education were more likely to have received care, and having less financial resources was the most common reason for not getting care. In a separate study, 28 the same investigators found that 41.0% of adults with VI in urban areas of Andhra Pradesh had sought eye care. Our results were similar, with older adults from rural areas in all countries except Russia being less likely to have had a recent eye examination, even independent of age and socioeconomic status. Prior studies have also explored the association of sex with VI and eye care. [29] [30] [31] Globally, women are 30% more likely than men to be blind. 30 In a systematic review, Ramke et al 32 found that women have higher rates of blindness than men in all regions of the world, a higher prevalence of trachoma, and, in some places, are less likely to receive cataract surgery. Our results also revealed sex-based disparities, although this was not consistent across all countries. Women were significantly more likely than men to have distance VI in China, Ghana, India, and South Africa but not in Mexico or Russia. The most extreme sex difference was found in China, where the proportion of women with e Number of comorbidities based on self-report and strongly suggestive symptoms.
f Memory score based on number of words correctly recalled: poor, 0-18; fair, 19-22; good, 23-26; very good, 27-40. g Married or cohabitating.
h Social support scores: low, 0-1; high, 2-4.
i Social participation scores: low, 0-2; high, 3-4.
j Mild vision impairment indicates visual acuity between worse than 6/12 and 6/18 or better; moderate vision impairment, between worse than 6/18 and 6/60 or better; severe vision impairment, worse than 6/60 and 6/120 or better; and blindness, worse than 6/120.
Research Original Investigation
Vision Impairment and Receipt of Eye Care Among Older Adults in Low-and Middle-Income Countries distance VI was 56% greater than for men. In China, Ghana, and India, women were also significantly more likely than men to have near VI. Moreover, the fact that women did not report greater receipt of eye care in countries where they were found to have excess VI is concerning and should be addressed to achieve the United Nations' Sustainable Development Goals aimed at promoting good health and well-being, achieving gender equality, and reducing inequalities. Because the study was supported by the US National Institute on Aging, Division of Behavioral and Social Research, national governments, and the World Health Organization, the microdata and weighted metadata are in the public domain. Ehrlich et al 1 used these data to look at a series of nonophthalmological factors associated with presenting impairments in distance and near vision in each country; these included health, well-being, demographics, and the socioeconomic circumstances of participants and their households. There have been relatively few multicountry studies that combine measured vision loss and risk factors in older adults, and this study sheds an important light on these associations within low-andmiddle-income countries (which make up 84% of the global population). There are several reasons why this article is worthy of comment. The countries involved represent an important opportunity to address the sparseness of distance vision loss prevalence data from large sections of the world. For example, a large meta-analysis of population-based eye surveys called the Global Vision Database (GVD) reported that there had been only 5 high-quality studies on vision published in China between 1980 and 1999, with 33 such studies published between 2000 and 2014. The numbers of studies in the GVD for these periods number 0 and 2, respectively, in Ghana, 5 and 13 in India, 0 and 1 in the Russian Federation, and 0 and 2 in Mexico. Nationally representative eye surveys are uncommon; only 44 of the 288 GVD study sources (15.8%), for example, were national in scope.
Although the article 1 does not report actual prevalence rates of distance vision impairment (defined as presenting visual acuity of <6/18, an approximate Snellen equivalent of less than 20/60, in the better eye) but rather reports the proportion of the sample affected, the completeness of the visual acuity data coverage (which exceeded 70% in most countries) and the relatively large sample sizes lend credence to the very substantial burden of distance vision impairment in these countries. This burden ranges from 10% in China and South Africa to 25% in the Russian Federation. Additionally, the nearvision loss burden is very large, ranging from 28% in Ghana to 43% in India. More recently, there have been some local studies in the Russian Federation, 3 yet this work highlights the importance of improving understanding of vision loss burden in Central and Eastern Europe, as well as Latin America, where data sources are too scarce. It comes as no surprise that the age structure of populations makes a considerable difference to overall burden of distance vision loss and in all countries studied; in the article by Ehrlich et al, 1 higher age and self-reported disability were significantly associated with distance vision impairment. Yet this study also showed that in most countries, poverty (measured
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